Background. Sepsis is a life-threatening organ dysfunction caused the dysregulation of host inflammatory response and immunosuppression to infection Early recognition and intervention are hence of paramount importance. In this respect the "sepsis bundle" was proposed in 2004 to be instituted in cases of suspected sepsis. Objective and Hypothesis. We hypothesised that a combination treatment of the sepsis bundle with cyclophosphamide would improve the function of the intestinal mucosa and enhance survival in rats with induced sepsis. Methods and Results. Sprague-Dawley rats were divided into 5 different groups: sham, cecal ligation and puncture (CLP), cyclophosphamide (CTX), imipenem+normal saline (NS) and imipenem+NS+CTX. Cecal ligation and puncture were used for inducing the polymicrobial sepsis. Western-blot was used to measure the occludin protein, and ELISA for examining the plasma level of cytokines IL-6, IL-10 and TNF-α. TUNEL assay for testing the intestinal mucosal apoptosis, and hematoxylin-eosin staining for observing the intestinal mucosal changes. The permeability of intestinal mucosa was determined by the plasma level of FD-70. The results showed that the combination treatment of the sepsis bundle with cyclophosphamide attenuated cytokine levels, inhibited epithelial cell apoptosis and improved the function of the intestinal barrier. The survival rate of the group treated with the combined therapy was significantly higher than that of the other groups. Conclusion. The combination treatment of sepsis bundle with cyclophosphamide improves the function of the intestinal barrier and enhances survival in septic rats.
INTRODUCTION
Sepsis is a life-threatening organ dysfunction caused by the dysregulated host response to infection 1, 2 . Sepsis and septic shock are major healthcare problems, affecting millions of people globally and killing more than one in four patients 3, 4 . Further, the incidence is increasing 5 . The sepsis bundle was proposed by medical experts in 2004, and included in the goal direct therapy of (mainly fluid resuscitation), antibiotics, glucocorticoids, respiratory support and others used in the care of patients with severe sepsis 6 . Previous studies showed the disorder of the bacteria count in the body was due to the abuse of antibiotics and revealed that the most sensitive and healthy bacteria are inhibited or destroyed, leading to the survival advantage of drug-resistant bacteria, proliferation, double and overlapping infection 7, 8 . The mechanism of sepsis is thought to be an inflammation balance disorder, leading to immune dysfunction. Proinflammatory cytokines such as tumor necrosis factor (TNF-α) and IL-6 are closely related to the occurrence and development of inflammation. The TNF-α is one of the main inflammation factors in promoting inflammatory cytokines in the early period of sepsis, and plays an important role in the immune defense reaction that is the key reason for endotoxin damage 9 . Inflammation plays a significant role in the mortality of polymicrobial sepsis, and low doses of immunosuppressants can enhance the survival of mouse model of sepsis 10 . We hypothesised that a combination treatment of the sepsis bundle with cyclophosphamide would improve the function of the intestinal mucosa and enhance survival. We used the cecal ligation and puncture (CLP) model, which causes polymicrobial infection from leakage of stool from the cecal puncture and ischemic tissue damage from ligating the cecal segment of the large intestine 11 . Quantitative and qualitative analysis of the CLP rat model were used to test our hypothesis.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley (SD) rats (8-10 weeks old, body weights of 200-300 g) from the Animal Center of Xinjiang Medical University (Xinjiang, China) were used in the experiments, and the study protocol was approved by the ethics committee of the Medical College of Shihezi University.
Experimental design and sample sizes
The SD rats were randomly divided into 5 groups. A: the sham group; B: the cecal ligation and puncture (CLP) group; C: the CLP + cyclophosphamide (CTX) group; D: the CLP + imipenem + normal saline (NS) group and E: the CLP +imipenem + NS +CTX group. The sham group only received a sham operation without CLP. A minimum of 6 rats per group was used to detect the pathological changes, cytokines levels, apoptosis index of intestinal mucosal cells, and the occludin protein level. All rats were first euthanized at 24 h after the CLP procedure through intraperitoneal injection of 10% chloral hydrate (0.35 mL/100 g). There were no signs of stress in the animals.
GENERATION OF SEPSIS MODEL
The rats were starved for 12 h before experimentation with free access to water. For the intraperitoneal injection (i.p) of 10% chloral hydrate (0.35 mL/100 g), a small midline abdominal incision was made. The cecum was ligated distal to the ileocecal valve without causing any intestinal obstruction, punctured twice with an 18-gauge needle and then gently squeezed to extrude a small amount of stool. The cecum was placed into the abdomen, and then closed in layers 11, 12 . To obtain comparable effects to septic patients in hospital receiving relevant therapy, 2 h after CLP, all rats in the CLP+cyclophosphamide (CTX) group received 10 mg/kg of cyclophosphamideand i.p. injection; the rats in the CLP+imipenem+ normal saline (NS) group received 120 mg/kg of imipenem, 35 mL/kg of normal saline and the i.p. (imipenem+NS), and the rats in the CLP+imipenem+NS+CTX group received 120 mg/kg of imipenem, 10 mg/kg of cyclophosphamide, 35 mL/kg of normal saline (imipenem+NS+CTX) and i,p. injection 1, 6, [13] [14] [15] [16] [17] . The rats that were sacrificed 24 h after CLP.
Survival analysis
A minimum of 10 rats per group was used for measuring survival rate. After the treatment, the animals were given free access to food and water and observed for 7 days. The survival rates were recorded daily.
Detection of Plasma cytokines
Blood samples were taken from the aorta and abdominalis, centrifuged (12000 r/min, 4 °C) and stored at -80 °C until use. The concentrations of TNF-α, IL-6 and IL-10 were determined by Enzyme Linked Immunosorbent Assay (ELISA) kits (Shanghai Westang, China).
Histopathological examination
The intestinal tissues were harvested at 24 h after CLP and fixed in 4% paraformaldehyde. They were then embedded in paraffin, sectioned and stained with the hematoxylin and eosin (HE) reagent. The images were observed for any mucosal injury using a light microscope (×100 magnification).
Apoptosis index of intestinal mucosal cells
The apoptosis index was assessed by the TUNEL method using a TUNEL staining kit (Roch) according to the manufacturer's instructions. The intestinal mucosal cells in the stained tissues in five different random visual fields were counted as five replicates.
Western blot
The intestinal tissues were snap frozen and stored at -80 °C until use. Tissues were ground with an automatic homogenizer in chilled SDS-lysis buffer and then centrifuged. The protein concentration in the supernatant was measured using a BCA protein assay kit (Thermo, USA) and an aliquot of 40μg protein per sample was used for SDS-PAGE and Western blot. Intensities of immunereactive bands were quantified using ImageJ (1.51K, USA). The occludin/β-actin protein ratio was calculated for comparison between samples. The primary antibody was rabbit monoclonal [EPR8208] to occludin (Abcam, UK) and the secondary antibody, Goat Anti-Rabbit IgG H&L (Abcam, UK) were used to examine the occlucin protein in each sample.
Intestinal permeability
A minimum of 6 rats per group were used for measuring intestinal permeability. The rats from each group were gavaged after 24 h of drug intervention with 0.5 mL of fluorescein isothiocyanate-dextran (FD-70, 25 mg/mL, molecular mass 70 kD, Sigma) and 5 h before sacrifice 18 . The measurement of intestinal permeability was carried out as described previously 19 . Briefly, at the time of sacrifice, blood was collected from the portal vein and centrifuged at 10,000 rpm and 4 °C for 10 min. Plasma (50 μL) was then diluted with an equal amount of sterile phosphate-buffered saline (pH 7.4). The concentration of FD-70 was measured using a fluorospectrometer (BioTek, Winooski, VT) at an excitation wavelength of 490 nm and an emission wavelength of 520 nm and quantified against serially diluted standards. All samples and standards were run in duplicate.
Statistical analysis
The results are expressed as means ± SD. All statistics analyses were carried out with Prism 5.0 (GraphPad software, USA) and SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Differences between groups were assessed using one-way analysis of variance (ANOVA), followed by LSD-t test. Mortality was analyzed using Kaplan-Meier survival curves, and then log-rank test for statistical differences in survival rates. We set a P-value of <0.05 as statistically significant. Figure 1 shows the survival curves and median survival time of the rats after relevant treatments. The survival curves show statistically significant differences among all groups. The median survival time in sham, CLP, CTX, imipenem+NS and imipenem+NS+CTX group was 7d, The survival values are expressed as mean ± SD, and the significant statistical threshold is P<0.05. Fig. 2 . Measurement of the serum levels of cytokines TNF-α (A), IL-6 (B) and IL-10 (C). The levels are expressed as mean ± SD with significant threshold P<0.05. Compared to the sham group, there was statistically significant difference (P<0.05); Compared to the CLP group, there was statistically significant difference (P<0.05); Compared the imipenem+NS group with the imipenem+NS+CTX group, there was statistically significant difference (P<0.05) 1.5d, 1.5d, 4.5d and 7d, respectively. The results demonstrate that the combined treatment of imipenem, normal saline and cyclophosphamide can effectively prolong the survival time and number of septic rats.
RESULTS
Effect of combined treatment of imipenem, normal saline and cyclophosphamide on survival time in rats
Measurement of the plasma levels of cytokines TNF-α, IL-6 and IL-10
Compared to the level of plasma TNF-α of the sham group, the level of TNF-α was significantly higher in the CLP group (P<0.05) and reduced to a comparable level in the imipenem+NS+CTX group as that in the sham group (P<0.05) (Fig. 2A) . The imipenem+NS group had a higher TNF-α level than the imipenem+NS+CTX group (P<0.05).
Similarly, the level of plasma IL-6 in the sham group was significantly lower than that in the CLP group (P<0.05), the CTX group (P<0.05), imipenem+NS group (P<0.05) and the imipenem+NS+CTX group (P<0.05) (Fig. 2B) . The level of plasma IL-6 was significantly lower in the imipenem+NS+CTX group (P<0.05) than that in the CLP group and the imipenem+NS group (P<0.05). However, there was no significantly significant difference between the CTX group (P<0.05) and the CLP group. Comparing the imipenem+NS group with the imipenem+NS+CTX group, the IL-6 level was statistically significant higher (P<0.05).
For the level of plasma IL-10, there was a significantly higher level in the CLP group (P<0.05), in the CTX group (P<0.05) and in the imipenem+NS group (P<0.05) compared to the level of IL-10 in the sham group (P<0.05) (Fig. 2C) . However, the level of plasma IL-10 was significantly lower in the imipenem+NS+CTX group than other treatment groups (P<0.05). Unlike other factors, the CLP group had statistically significantly lower IL-10 level than that in the CTX group (P<0.05) and the imipenem+NS group (P<0.05). Especially, compared to the CLP group, the level of plasma IL-10 was significantly lower in the imipenem+NS+CTX group. Compared to the imipenem+NS group with the imipenem+NS+CTX group, the later had significantly lower level of plasma IL-10 (P<0.05).
Effect of the combination treatment of imipenem and normal saline with cyclophosphamide on the intestinal mucosa in septic rats
Under the light microscope (×100), the intestinal mucosal villi were orderly arranged in the sham group, the structure of surrounding blood vessels was normal. There was no obvious bleeding, the muscle fibers were orderly arranged, and the serosa was normal. In the CLP group, the intestinal mucosal villi were severely damaged; mucosal swelling and bleeding were observed around blood vessels, and a fractured basal layer; there were a large number of proliferating lymphocytes; and neutrophils observed (Fig. 3A) . In the CLP (Fig. 3B ) and in the CTX group (Fig. 3C) , the intestinal mucosal villi were damaged; mucosal swelling and bleeding around blood vessels; and a fractured basal layer were observed; there were a large number of proliferating lymphocytes; and neutrophils.
In the imipenem+NS group (Fig. 3D) , the intestinal mucosal villi were moderately damaged; moderate mucosal swelling and bleeding were observed around blood vessels; and a fractured basal layer was observed; there was a handful of proliferating lymphocytes; and neutrophils were observed (Fig. 3D) .
In the imipenem+NS+CTX group, the intestinal mucosal villi were severely damaged; with mild mucosal swelling. Bleeding was observed around blood vessels; and a mildy fractured basal layer; there were a small number of proliferating lymphocytes; and neutrophils but less than that in the imipenem+NS group (Fig. 3E) .
Measurement of the apoptosis levels of intestinal mucosal cells
Under the light microscope (×400), we observed the changes of the intestinal mucosal apoptotic cells and calculated the numbers of apoptotic cells and normal cells in one microscopical field of vision, a total of 5 fields was examined, and obtained the apoptosis index (AI) ( Table  2 ). The TUNEL assay showed that only a few intestinal mucosal epithelial cells were apoptotic in the sham group (Fig. 4A) . However, in the CLP group (Fig. 4B ) and in the CTX group (Fig. 4C) , a large number of apoptotic cells was observed, happening mainly in the mucosal column such as epithelia and submucosal cells. The apoptotic cells in the CTX group were less than that in the CLP group. In the imipenem+NS group (Fig.4D ) and in the imipenem+NS+CTX group (Fig. 4E) , a handful of apoptotic cells was observed, happening mainly in the mucosal column such as epithelia.
Compared to the sham group, the apoptosis index of intestinal epithelial cells was significantly higher in the CLP group (P<0.05) (Fig. 5) . Compared the CLP group to the CTX group (P<0.05), the imipenem+NS group (P<0.05) and the imipenem+NS+CTX group (P<0.05), the CLP group had the highest apoptosis index, next was the CTX group and then the imipenem+NS group. The imipenem+NS+CTX group had the lowest apoptosis index. The results demonstrated that both the imipenem+NS group and imipenem+NS+CTX group distinctly had a lower number of apoptotic intestinal epithelial cells. Compared the imipenem+NS group with the imipenem+NS+CTX group, there was no statistically significant effect of CTX on the number of apoptotic intestinal epithelial cells (P>0.05).
Effect of combination treatment of imipenem, normal saline and cyclophosphamide on intestinal permeability following sepsis
We also carried out a quantitative analysis of the function of the intestinal barrier (Fig. 6, Table 2 ), Compared to the sham group, the level of plasma FD-70 was significantly higher in the CLP group (P<0.05), in the CTX group (P<0.05), in the imipenem+NS group (P<0.05) and in the imipenem+NS+CTX group (P<0.05). Again, the CLP group had the highest level of plasma FD-70 compared to the other groups, and the imipenem+NS group had a higher level of plasma FD-70 than the imipenem+NS+CTX group (P<0.05).
Effect of combination treatment of imipenem, normal saline and cyclophosphamide on occludin protein expression following sepsis Figure 7 shows the results of the qualitative analysis of the occludin protein expression. Stripes of occludin protein were observed in all samples. In the sham group (Lane A), the chromaticity of the stripe was rougher, darker than the stripe in the CLP group (Lane B), which was lighter than any other stripe. Otherwise, we observed that the color of the strips darkened from the CLP group (Lane B) to the CTX group (Lane C), the imipenem+NS group (Lane D) and the imipene+NS+CTX group (Lane E).
We further quantified the expression of the occludin protein using the OD ratios (occludin OD/β-actin OD) of the strips with the ImageJ (ImageJ software, USA) (Fig. 8) . Compared to the sham group, the OD ratio was significantly lower in the CLP group (P<0.05), the CTX group (P<0.05), the imipenem+NS group (P<0.05) and the imipenem+NS+CTX group (P<0.05). Compared to the CLP group, there were statistically significant differences in the OD ratios from those in the CTX group (P<0.05), the imipenem+NS group (P<0.05) and the imipenem+NS+CTX group (P<0.05). Compared the imipenem+NS group with the imipenem+NS+CTX group, there was a significantly higher occluding protein expression in the latter group (P<0.05). The results demonstrated that there are the same trends in both protein intensities and OD ratios and that the combined treatment with cyclophosphamide can effectively refine the intestinal barrier of the SD rat model of sepsis.
DISCUSSION
The method of treating sepsis with the sepsis bundle and cyclophosphamide is not new. But previously promising targets and therapies shown to be beneficial in animal models of sepsis failed to translate into clinical advances 20 . We report in this study the advantages of a rat model of sepsis using cecal ligation and puncture (CLP) with the combined treatment of imipenem and normal saline with cyclophosphamide for improving the function of the intestinal mucosal barrier.
The function of intestinal mucosal barrier
The gut is one of the largest immune organs in body system. The intestinal barrier can absorb all kinds of nutrients and preclude bacteria and its metabolites from permeating the blood. Intestinal immune tissue includes immune cells (lymphocyte B,T) and immune molecule (Sig A) and so on 21 . Symptoms of gut failure are nonspecific and therefore not assessable. The composition of the intestinal microbiome, however, is affected by sepsis and this may contribute to the development of organ failure 22 . The intestinal mucosal barrier as the first barrier can prevent intestinal toxic substances from entering into other tissues, organs and the blood circulation. When the intestinal barrier is damaged, bacteria and toxins can enter through the intestinal wall into intestinal lymph nodes, blood, liver, spleen, intestinal flora and other organs 23 . In the intestinal mucosal epithelial cells, the barrier of the mucosal epithelial cells is one of the important structure for maintaining intestinal mechanical barrier between cells 24 . Occludin proteins are a tight junction protein, one of the two forms in the body, and mainly locate in the close connection between the cells after the phosphorylation. Two cells in the outer ring are connected by pulling chains and closed in a fine combination near the cell gap by the protein 25, 26 . When occludin distribution and expression tied to small intestinal structure and function are unusual, intercellular spaces are increased, resulting in increased permeability between endothelial cells 27 . In this study, we observed that the function of intestinal barrier was damaged after CLP, and the expression level of occludin protein in the CLP group was lower than that in other groups. Compared to the CLP group, there were statistically significant differences in occludin expression in the CTX group (P<0.05), in the imipenem+NS group (P<0.05) and in the imipenem+NS+CTX group (P<0.05). Comparing the imipenem+NS group with the imipenem+NS+CTX group, there was also a statistically significant difference in the occluding expression (P<0.05). The permeability of intestinal mucosal was damaged too. Compared to the CLP group, there were statistically significant differences in permeability in the CTX group (P<0.05), the imipenem+NS group (P<0.05) and the imipenem+NS+CTX group (P<0.05). Comparing the imipenem+NS group with the imipenem+NS+CTX group, there was a statistically significant difference (P<0.05). In the imipenem+NS+CTX group, the function of intestinal mucosa was intact, the expression level of occludin protein was similar to the sham group, and the permeability of the intestinal mucosa was lower than for the CLP group. The combined treatment of imipenem, normal saline and cyclophosphamide provided the best benefit of all treatments.
Cytokines are released in the early period of sepsis, and proinflammatory and anti-inflammatory effects of imbalance will launch the inflammatory cascade reaction including cytokine release. TNF-α is generated by monocyte, macrophages and T-cells and may induce the release of IL-1, IL-6, IL-8 and secondary inflammatory factors. IL-6 is generated by the cells and tissues (included intestinal tissue) and induced by TNF-α (ref. 28 ).
IL-10 forbids the action of immune response 29 , in normal condition, proinflamatory and anti-inflammatory factors keep the cytokine balance 30 . In our results, in the imipenem+NS+CTX group, the level of plasma IL-6, IL-10 and TNF-α were lower than other treatment groups, suggesting that the body may be in a state of recovery through the therapy combined with cyclophosphamide into 24 h. Compared to the CLP group, the levels of plasma IL-6, IL-10 and TNF-α in the imipenem+NS group and the imipenem+NS+CTX group were statistically significantly different in cytokine levels (P<0.05). Comparing the imipenem+NS group with the imipenem+ NS+CTX group, the level of plasma IL-6, IL-10 and TNF-α was statistically significantly different in cytokine level (P<0.05). But compared to the CLP group, the level of plasma IL-6 was not statistically significantly different from that of the CTX group, nevertheless, the levels of plasma IL-10, TNF-α were significantly different (P<0.05). We conclude that the therapy supplemented with cyclophosphamide had greatest positive effect. The median individual survival time of the combination treatment of sepsis bundle with cyclophosphamide was obviously higher. However, we cannot explain this because of the lack of clinically experimental evidence.
CONCLUSION
Our results show that the combination therapy of imipenem, normal saline and cyclophosphamide improves the intestinal barrier function and prolongs the survival time in the SD rat model of sepsis. These provide the foundation for future studies to confirm such beneficial effect in animal and clinical trials.
